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ABSTRACT '
.and Space Administration (NASA) facts abput the exploration of Mars. ™
In this publication, emphasis is placed on the planet Mars as a
member of the Solar System and a detailed description is given

related-to historical accounts of the planet!s existence and its )

-travels. The physical characteristiés are described as well as thoge

of its satellites. Photographs as seen by Mariner 9 frOl'space~and

diagramatic figures showing position and distances related to earth

and sun are included in the article. Five student projects are given,
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Mars in the Skies, of Earth

Outermost of the Earth-like planets Mars was
one of the seven *planets” known to the-ancients;
the others being Mercury, Venus, Jupiter, Saturn,
the Sun, and the Moon. The Sun and the Moon
were incladed because they, too, like the planets

appear to move from west to east among, the

’constellatlons of the *fixed” 'stars. The word
“planet” is derived from the Greek planetes which
means “a wanderer,”

Approxnmately every two years Mars becomes a

=yery brilliant star-like object in the midnight sky -

k 4

(26.45 mifllion miles), Earth’s distance from the Stn
varies by only 5.2 mnlhbn kilometers (2.22 million
miles). -

Mars takes 687 Earth days to revolve completely
around he Sun, compared with the 365% days of
Earth’s solar year. When a superior planet, such
as Mars, i dnrectly opposite {o the Sun in the
skies. of Earth, it is said to be in opposition
(Figure 2). At such time the Earth is between
the Sun and the planet, and since the planet
is then closest to Earth it shines its bnghtest in
the southern sky at midnight.

=wit
light. To the ancients this light
blood and fire, so they associated the planet with
war and .gave it martial names—Nergal (Master
of Battles) in Chaldea, Ares (God of War) in
Greece, and Mars (God of War) in Rome. While
Mars is generally the modern name for the planet,
the earlier name, Ares, is perpetuated by scientists
when they refer to areography (geography of Mars)
and areocentric (centered on Mars). Even the
symbol for Mars, g suggests .a,spear and a
shleld .

. Mars orbits the Sun outside the orbit of the
Earth. Accordingly it is referred to as a superior
planet, as contrasted with the inferior planets,
Mercury and Venus, which revolve around’ the
Sun inside the Earth’s orbit. The orbit .of Mars

.~

departs farther from a circle, i.e. is more elliptical,

-

than that of the Earth.

suggested

. Because Mars travels along an ellipse it moves

between two extreme®_of distance from the Sun
(anure 1). At closest approach, perihelion, Mars
is 206.66 million kilometers (128.41 million miles),
from the Sun. At aphelion, the most distant part
of its orbit, Mars is 249.23 million kilometers (154.86
million miles) from the Sun. While Mars® distance

from the Sun thus varies by 42.5 milliorr kilometers |

2.

Oppositions ‘of Mars_take place once every. 2 .
years and 2 months .approximately (every -780
days on the average). Mars’ velocity along its
orbit varies from fast at perihelion to slow at
aphelion.- These variations cause the dates™ of
oppositions also t& vary slightly eitker side of the _
mean period of 780 days. For example, when Mars

.is at qpposition close to its aphelion, the time be-

tween oppositions is only 764 days, whereas when
‘oppositions are close to perihelion the time be-
tween them increases to 811 days.

Also, oppositions close to the penhehon of Mars
bring the planet much closer to Earth, to 55.81
million knfometers (34.68 million miles), compared
with 101.3 milliop kilometers (62.3 million miles) at
an. aphelic_opposition. Thus, the diameter of the
disc of Mars as seen in a telescope from Earth’
is nearly twice as large at a favorable opposution

as at an unfavorable oepposition.
4

Ciose approaches of Mars, i.e. perihelic opposi-
tions, occur~every 16 years-on the average. At
the most recent of these approaches in August
1971, Mars was separated from Earth by 56.2
mllhon kilometers (34.92 mijllion miles). The next
petihelic oppositfon will occur in September 1988,
when Mars wiil be slightly farther away; 58.4 million
kilometers (36.3 million miles).

.-
.
Y . -




~ "T'fs calléd the plane of the ecliptic. As seen from
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f Figurc 1. Orblts of Earth and Mars, showlng apheiion and pcrnv’btton poctttons and dhpnou.

Unfortunately for astronomers based in the
nortfiern hemisphere, favorable oppositions always
occur in the month of August, when Mars’is very
low in the southern sky at midnight. This condition
arises from two astronomical facts. First, the .
planets all revolve around the Sun in nearly the

« same plane as the plane of the Earth’s ofBit, which

Earth the planets appear to moye through ‘the

, stars very close. to the prqjection of the Earth's
orbit on the star sphere, which is called the ecliptic
—an imaginary line on the celestial sphere passing
through those twelve constellations known as the
Zodiacal constellations.

Second, since the'Earth spins on an axis inclined
23%2 degrees to the poles of its orbit, the ecliptic
arches across Earth’s sky at an angle which,
changes over each twénty-four hours (due to the

" spin of the Earth), and over each year. (due to
the revolution of the Earth around the Sun). At
midnight during northern hemisphere summer, the
ecliptic is low across the southern sky, whereas
at noon it is high in the southern sky. In winter the
opposite Is true. As a consequence, a planet at
opposition is low in the midnight sky in summer |
and high in the midnight sky in winter. But when ~
Mars Is af opposrtton in the winter sky it is always
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an unfavorabife opposltton and the planet 13 fé‘r
.away. and difficult to observe. When the planet

is closer to the Earth at.a summer opposition, .

it is, unfortunately, low in thedsky and more dis-
torted by atmospheric effects.

= Conjunction of- a superiof pfanet otcurs ;/hen
it is on the far side of°jts orbit, beyond th# Sun’

" as seen ¥rdm“Earth. The planet Is .then most dis-
" tant from Earth and most difficult to observe. it

is also close to the Sun in the gky. Even radio

. signals from a planet close to conjunction are’

difficult to receive because they must pass close
to.the turbulent outer atmosphere of the Sun
which causes them_tb become distorted. ‘

-

Physical Charaoteristicé of Maré

Mars is the oufermost of the Solar System's
rocky inner planets of which Mercury, Venus,
_Earth and Moon are the other family members.
_Mars is not a large planet; it is between Mercury
and Earth in size. its equatorial’ diameter is 6788
kilometers (4217 m.) compared with Earth's 12,756 .

" Kilometers (7926 m.). It rotates on its-axis, as

does Earth, but in 24 hours 39 minutes. So day
and night on Mars are almost the same lengths
of time as on Earth., The Martian day has been




fong -but cool, with Southern hemrsphere winters
tHat are’long and cold, and summers that are hot
and short.

Satellrtes of Mars .

’ Mercury and Venus do not have satellrtes Earth-
has its unusually large Moon. Mars has two very. .
small sateflites that can be observed ig large

. telescopes at a close opposition of the ’Enet. At

the 1971 opposition they appeared in a 24-inch
telescope as tipy spots of light almost mdden n

Figure 2. COn}uncﬂon, oppo:mon and quldnturo of Mars.

cafled 2 Sol by space expenmenters planmng
. expeditions 1o the Martian surface. A Mars year
consists of 670 Sols, i.e. 687 Earth days.

~Mars' axis, like that of the Earth, is not perpen-
dicular {o the plane of its orbrt. It is tilted 25
degress compared with Earth's axial tilt of 23%
degrees. So Mars, too, experiences.seasons as.ons
hemisphert then the other tilts towards the Sun
because of the movement of Mars around its orbit.

considerably during a Martian year, the Martian
seasons are more complicated than seasons on
Earth

Mars is closest to the Sun durmg spring in the
planet's squthern hemrsghere, thus southern hem-
isphere spring on Mars is always warmer than
northern hemrsphere spring. Summer in the rorth-
ern hemisphere is also long because Mars is
moving slowly along ‘its orbjt close to aphelion,
but it is a cool summer. Mars receives about 44
percent more solar radiation .per unit area of
. surface at perihelion than at aphelion; surface
p temperatures can thus vary_ considerably. The
* . south polar cap of Mars almost disappears during

the hot southern"hemisphere summer, whereas

the north polar cap has never been observed to
disappeaas viewed from Earth. Actually neither
, cap disappears completely; there is a small per-
manént cap even at the southern polar region of
the planet. This is discussed in a subsequent

booklet of this senes . .

The combination of axial inclination and oﬁntal
eﬂlptrclty leads to.northern hemisphere winters
+ that are short and warm, and summers that are
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. - But, because Mars' distance from the. Sun varies ~.

4

the glare of the planetitself. — — =~ 7

“in 1610 Johannes Kepler predrcted that Mars
might have two “satellites based on the fact that
the Earth has one and-Galileo - ‘tad seen four
satellites of Jupiter. It was a wild Quess, but it
probably was known to Jonathan Swift, the English
satirist, who in his Gulliver's Travels, published
in 1726, wrote of two lesser stars or satellites re-* }
volving around Mars. But these two satellites were
not dctually seen until 1877. Asaph Hall, their dis-
coverer, named the two tiny worlds Deimos and
Phobos after the horses that draw the chariof, of
Mars (Flight and Fear, respectively),

These Martian moons revolve very close to therr
planet. Phgbos, the inner satellite, revolves in 7
hours and 40 minutes in an almost ciroular orbit
only 6005 kilometers-(3700 m.) above the surface -
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Figurs 4. unh«nﬁotéomm'

of Mars. The tiny, odd-shaped_ satellite is about
27.2 kilometers (16 9 m.) I6ng and 19.4 kilometers
{120 m.) wide _Deimos_orhits.at 23,500 kilometers

(14,600 m.) in 30 hours and 18 minutes. It is even
smaller than Phobos—186 kilometers (9.9 m.) long,-

and 11 kilometers (6.8 m.) wide. From the dark ap-
pearance of these satellites and thejr heavily
cratered and irregular shapes as seen by close-up
phot}vgraphy from NASA's Mariner spacecraft,
" scientists conclude that Deimos and Phobos were
formed perhaps 3 or 4 hillion years ago and
possibly are captured asteroids (Figures 3 and 4).

Deimos is tod small and too far away from Mars
to cause an eclipse of the Sun. When it does pass

between Mars and the Sun anyone standing” on.

Mars would see Deimos as an irregularly-shaped
. black object silhouetted against the bright solar
- disc. Phobos, however, can cast a shadqw on
"Mars (Figure 5). If an observer were standing on
the.Martian surface within the path of that shadow
he would see the Sun eclipsed, just as the Moon
eclipses the Sun on Earth. But bgcause of the
. rapid motion of the inner satellite of Mars, sych
an eclipse would last for about one second only.

Moreover, Phobo$ cannot be seen from some
parts of Mars. It Is so close fo the planet that the
curve of the syrface of Mars hides it from view
of observers located beyond 70 degrees north and
south lafitude. If you were standing on the surface
of Mars and looking up at Phopos hurtlmg directly
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" overhead it would appear aboot two-thtrds*the

size of the Moon we see in Earth's sky.

s:ghtings and Motlons of Mars, 1975/73

The most recent opposition of Mars was’ on
December 15, 1975. It was not a close opposntton
since at its closest, on December. 8, Mars was 84.6
million knlometers (52.57 millionm.) from Earth.

Mars is easy to identify in the night sky because
of its steady reddish brilliance and because it does ~
not twinkle like the stars. This’year, two Viking
spacecraft’are on the way tg Mars. They are.un-"

»

.manned but automated.ay! carrying many sclen- '

tific expenments

From Iaunch to rendezvous of the V:kmgs Mars,
will have moved along the ecliptic through the
Zodia¢ from Taurus to Virgo, passing in turn
through ‘Gemini, Cancer, and Leo (See Figure 6),
Around the months close to opposition, however,
ton of Mars in the night sky changes. In-
of traveling' each "day further to the east,
it Halts its eastward motion about November 1 975
hen close‘to the star Eta Geminorum, and retreats
westwards, back into Taurus. Then again, at the
beginning of February 1976, the motion changes
Mars halts its backward, -or retroggade, motion,
and resumes ifs motion {o the east. Thus, around
opposltlon Mars appears to loop among the stars.
" This loop is caused by the relatIve motions of
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‘Figure 5., Shadow of Phobos on Mar
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Earth and Mars. Eartb moving faster in ts orbit;

[ \c catches up with Mars, and as Earth moves past

ars the outer planet seems to be moving back-

/ wards; it Is like watching.a slow car from a fast
car overtaking it."The slow car-appears to move .»
“backward relative fo the obsarver in the fast car.
But later, as the orbits curve around the Sun, Mars
is seen in its true motion around its orbit ag viewed
from- Earth (Figure 7). At thie time of the Nation’s”
bicentennial, Mars will be in the constellations-
-"Leo and Virgo as the first NASA spacecraft lands
- inJuly and the second in September, 1976.

_Figure 8 shows the position ‘of Mars among thq

" constellations and where ‘it ¢an be observed in
the night .sky at the“times of Viking-launch and
arrival at Mgrs'and at the time of Mars’ opposltlon

STUDY PROJECTS

~ N -

. Project One : .

P

Refer t0 an.astronomical star atlas, stch-as .
- Norton’s, and make g map of thé Zodiacal con- -
ste!latuons Taurus t?dgh Virgo; i.e. .from- right .
- _ascension 3 hours 6”14 hours. Use the following
.~ information of right ascension and declination of
- Mars ‘gach month to trace the mevement of Mars
- fromi- Vikmg launch {August 1975) to their rendez- .
. vous with Mars (July and August 1976). Use Figure
6 as a guide. Note you will have to plot the posi-
" tioris of the stars on your map in terms’ of their
coordinates of right ascension (comparable with
~Jongitude on Earth) and declination’ north “and
_south {comiparabje with latitude on Earth). Place
. only the brighfest stars on the map. —

PR

Figure 7. Howllanmakunmr radoloopinﬂntky
ano‘:n the 1ime of opposition. o8

’ B .- ) . ) ’
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0 ~ : «
n 1 ! - - o Y OCTOBER ot
2’7%/..,. A - ./,:\\., 7
¢ - oSRLS| - .
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‘ Flguro s. Path of Mars lhrough mo Zodiacal conshllduom during iho fllght of Viking (o Mars.
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Positions of ‘Mars about the first )
day of each month. 1975/1976 -
Right Ascension '
B Hours T
Month Minutes
" “Aug 1975 )
Sept ’
. —oct' .
Nov
Dec

Docﬂnaﬁon
Digruc
9N

1,
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The poomom of Mars In the consteliaticns at the

ARCTURUS
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PLOUGH
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. SOUTH
MID-DECEMBER 1975

MIDNIGHT

| STANDARD TIME

MARS OPPOSITION

’

NORTHWBST .-
4JULY 1976
10:00 P.M.

. DAYLIGHT TIME

FIRST VIKING LANDS

¥

launc h and arrival at Mars and at the fime of
mber. 1975. Note the position of
tied line. :

(.&

‘.., showing the Sun and. the orhits of

e
o

Jan—1878
Feb

Mar

Apr
May
June
July,
Agg
Sept

Oc

" No 15 - 8 .: 17 8
Notex, Solar cénjunction takes place close to
November 15, 1876, when "Mars. cafnot be seen
from Earth. Also for several weeks either side

smaassasmaess

wmrtm.eoxxa:mo;mcn‘mm%m\
o

S
'
-h
Q
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. of conjunction, rad:o signals cahnot be received—
from a spacecraft at the pjanet. . S

K "
L] t ]
’

Project Two

As- necessary refer- to an astronom:cal text«.

book and draw a plan map: of the S§ar System
arth and:

Mars. Indicate on these orbits the positions of

‘the Earth and Mars at the beginning of each -

month, corresponding to the positions of Mars

map of Project One.

Make sure that the orbits are carefully drawn -

to scdie, and remember that the perihelion of Earth
is close to the poiht on Earth's orbit where the
Earth is‘in January each yeaf, The perihelion of
Mars’ orbit is on g.line from the Sun throtigh the
positlon of the Earth in the middle of August each
yedr.

Place marks 8n the orblt of Mars to show its‘

approximate position at the beginning. of each
month, working either side of Mars’ perihelion

“To relate Earth’s dates.to Mars” dates, work
from the position at Mars’ opposition on December

15, 1975. To. find this position, draw a line from -

theé Sun throligh the Earth_atits. positlon on Decem-

ber 15 and extend the fine 40 the orbit-of Mars. The -

.point at which the line crosses Mars’ orbit is
where Mars will be Decembér 15, 1975. Now add
dates to the monthly position marks you made
along the orbit of Mars. By comparing these dated
posltlons on Mars’ orbit with the dated positions

\,_ ’ .

. bl : ‘.
8 S .. . . ‘a.7'

in-the sky that you have lnd:cated -on your star’, -




1

v
. -
-

‘on Earth’s orbit, you will be able to see how Mgfs
- and Earth move round the Sun relative to. each*

. to move backward: along the gchptic at oppositlon

* MaKe lines betwéen Earth and Mars at, thefr
- positigns on the t day 6f each montt?f ‘the

” tances betiveen the planets on the first of . eacj\
-« . .month. Note that.by the time Earth.comes favel
. .. With Mars at the December 15,-1975. opposition,

, Mars has moved outward from the Sun and is more

is not a clgse one. Mark the poslﬁons of Earth and
Mars on thelr orbits at the times Viking A and B
are launched and at the ttme the spacecraft .
arrive a. -Mars. . ’

.

_Project Three e

v

- L

on a clear night and look for Mars. Check dts
position among the stars with the map you made

telescope, either privately or by v:sltmg a plane-
tarium, watch how the disc of the planet becomes
large as the lines between Earth and Mars you
drew in Project Two, grow shorter and shorter.

" Calculate, on' the basis of the lengths of these
lines, the relative diameters of the discs of Mars
as you should be able to see them each month
through the telescope. Make the closest approach
a disc one inch in diameter. Does the disc of .
Mars seen:in the telescope correspond in*relative, .
size to-the disc sjze you have calculated for each'
month? . 4

5

. - .
1

* {

| Proj'ect' t’-'our & .

by 1.85 degrees. Draw an"end-on, view to scale .
showingthe relative sizes of the two orbits and
the positions of the planet Mars at its highest and
" - lowest points above and below the-plane of the
v.‘Earth s orbit. Note that these points do not cor-
respond to aphelion and penhehon of Mars; in-
. stead, the point"~ where Mars is’ highest (most
northerly-above the planeof Earth’s orbrt) occurs
when Mars is 249 milllon kilometers (155 milllion m.)
from the Sun, and the point where it is at its lowest
occurs when Mars is 206 million kilometers (128
- million m.) from the Sun.

Calculate, either by tngonometry or by drawing
to a large enough scale, how many millions of
o _kilometers (and million of miles) Mars will be:

‘e

..\).‘1 »&"

-

tengths of these’ltdes provide the.relative -dis- -

On or about the fizst day of each month go out

for Project One. If you have actess to'a small .

.. . The plane ‘of the orbit of Mars is not exactly the -
- same as the plané of the Earth’s orbit; they differ

U
ff;r

- other during 1975°and. 1976, and why Mars aﬁ'pears o

-

I3
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"these two extreme positions. ]
i we had an absentsminded' navfgator of a

spacecraft flying from Earth'to Mars, and he’ forgot -

‘about this plane changs, these distances would be

the- kilometers (or milesy he would be off from

y ms target Mars,

‘Pro;octFtve S o A

_ . Imagine that you are a Martian.and that yQu . )
" distant than at perihelion; so the’ 1975 oopo_sﬂﬂg.na___ha\te_calcnlatMe_orhﬁat_.path of Phobos and -

found that both Phobos and the Sun will be exactly

overhead at your location_on Mars (latitude and '

longitudg) at the time;. i.e. you will be, able
to see an eclipse of the Sun by Phobos, Calculate

how fong this eclipse will last; assume that®hobos.

- Crosses the Sun’s disc with the -long axis of the
satellite aligned along its orbit, and that it is the
time in the Martian year when the solar disc has
* a diameter of one third of a degree (20 mmutes of
arc).

Calculate the time ‘between first™ contaot (whien
the satellite begins to show as a black ‘bite’
out 6f the solar disc), to second® contact (when
isC is covered), then the pe‘iad of

e solaf
‘Gelipse, #rd- finally the time to the end of °
th¢/ eclipse fromShe end of totalify. How would

these times differ if Phobos happened to be travel-
ing across the Sun’s disc with the satellite’s short
axis ‘aligned along? its orbit? i

~

Make a series of drawings showing- how these '

two types-of eclipse might look to a ‘Marjlan ob-
serving the eclipse through special darkene

to protect the eyes
%
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Suggested ' Reading

THE BOOK OF MARS, S. Glasstone, NASA SP-179,
1968, U.S. Govt. Printing Office. *

d'glas‘s:

* . '

a) above Earth’s orbit and b) below Earth's orbit at, - ’

.NORTON'S STAR ATLAS, Gall and Inglis, Lopdon,

many editions

MARS Robert S. Richardson and Chesley A

Bonestell, George /;tlen and Unwin, London
195 -, .. 7

LAROUSSE ENGYCLOPEDIA OF ASTRONOMY
L. Rudpux and G. D? Vaucouleurs, Prome-
theus Press, New Yo k, 1959.
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